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TECHNICAL NOTE D-157 

EXPERIMENTAL PRESSURE DISTRIBUTIONS OVER 

BLUNT TWO- AND THREE-DIMENSIONAL BODIES HAVING SIMILAR 

CROSS SECTIONS AT A MACH NUMBER OF 4.95 

By Jerome D. Ju l iu s  

SUMMARY 

Measurements of the  pressure d is t r ibu t ion  about two- and three-  
dimensional bodies having f l a t ,  hemispherical, and oval leading edges 
(nose shapes) have been made at a Mach number of 4.95 and a t  Reynolds 
numbers per foot  ranging from 15 x lo6 t o  75 x lo6. The r e s u l t s  were 
compared with modified Newtonian theory with and without any considera- 
t i o n  of t he  cent r i fuga l  forces  present i n  the  flow f i e l d .  

INTRODUCTION 

I n  order t o  reduce the  heat-transfer r a t e  a t  the  forward port ion of 
bodies t rave l ing  a t  supersonic and hypersonic ve loc i t ies ,  it i s  necessary 
t o  b lunt  t he  leading edges and nose shapes. 
aerodynamic charac te r i s t ics  of t he  body. O f  great  importance i s  the  
e f f e c t  on t h e  pressure d is t r ibu t ion ,  f o r  it i s  e s s e n t i a l  t o  the  study of 
many of t h e  a e r o 6 y n ~ i l c  e h s a c t e r i s t i c s  of t h e  body. Consequently, a 
program has been undertaken i n  the Langiey Gas =j;iisiiiics E r s x h  tr! st.i-i.dy 
the  pressure d i s t r ibu t ions  and heat- t ransfer  r a t e s  about blunt  bodies. 
(For example, see refs. 1 and 2 . )  The purpose of t h i s  paper i s  t o  pre- 
sent  experimental pressure-distribution data obtained f o r  two- and three- 
dimensional bodies having s imi la r  cross sect ions.  

B l i i ~ t l r i g  will change the 
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SYMBOLS 

cP 

Cp , max 
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RD, 00 
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R7,m 
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Subscripts: 

1 

2 

max 

t 

00 

- Pm local pressure coefficient, 
Y 2 p Po& 

Pt,l - pw 
5 pc=Pm 

maximum pressure coefficient, 
2 

Mach number 

pressure, lb/sq in. 

base radius of bodies of revolution, in. 

free-stream Reynolds number based on maximum base diameter 
of three-dimensional models 

free-stream Reynolds number based on maximum body thickness 
of two -d hen s ional mode 1 s 

distance along body surface measured from stagnation point, 
in. 

one-half maximum body thickness of two-dimensional models, 
in. 

distance parallel to axis of symmetry measured from stagna- 
tion point, in. 

distance from axis of symmetry to outer surface of model, in. 

ratio of specific heats 

conditions just behind a normal shock 

local conditions 

maximum 

stagnation conditions 

free-stream conditions 
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APPARATUS AND TESTING PROCEDURE 

Tests of two- and three-dimensional bodies having flat, hemispher- 
ical, and oval leading edges were conducted at a Mach number of 4.95 in 
a g-inch blowdown, axial-symmetric jet in the Langley gas dynamics labo- 
ratory at a stagnation temperature of approximately 860° R for Reynolds 
numbers per foot ranging from 15 X 10 6 to 75 x 10 6 . 
ments were made with 16-inch-dial test gages or a 10-foot mercury manom- 
eter, or both. The mercury manometer was used to measure the lower pres- 
sures and the gages were used to measure the higher pressures. The gages 
were selected to give the greatest gage-reading accuracy possible for the 
measurement in question. 

The pressure measure- 

Figure l(a) shows the two-dimensional model installed in the tun- 

Two additional measuring 
nel test section in testing position. 
a plane parallel to the flow at the midspan. 
stations for the stagnation pressure were located 1.5 inches on each side 
of the midspan. The data from these two stations were used to check for 
any three-dimensional effects. Because of difficulties encountered in 
establishing supersonic flow in the tunnel with the model initially in 
the test section, the tunnel was brought to steady operating conditions 
(supersonic conditions) and the model was then injected into the flow by 
means of a pneumatic actuator. Data were recorded after uniform flow 
(supersonic flow) was reestablished. Reestablishment of supersonic flow 
was checked by noting the tunnel static pressure before and after the 
injection of the model in the test section of the tunnel. 
shows the installation for testing the three-dimensional models. The 
shaded areas silown in figme 1(b) =e cross-sectional views of the support. 

The pressures were measured in 

Figure l(b) 

Model geometry is shown in figure 2. The two-dimensional models 
~ C Y P  a T-insrh span: and end plates are mounted on them in order to reduce 
any tWee-dimensional effects.  %E c n n t . m ~ r s  of the oval models weye 
determined by a prescribed pressure distribution. (See ref. 1, body 
C4 = 0.586.) The models were fabricated from type 416 stainless steel. 

RESULTS 

The experimental results are expressed as the ratio of the local 
pressure coefficient of the model to the stagnation (maximum) pressure 
coefficient of the model, and this ratio is plotted against the distance 
from the stagnation point divided by one-half the maximum thickness of 
the modei. 
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The experimental pressure d is t r ibu t ions  f o r  t h e  two- and three- 
dimensional models wi th  f l a t  leading edges a r e  shown i n  figures ?(a) and 
3(b) along with the  r e s u l t  of modified Newtonian theory (ref. 3) .  The 
theory i n  t h i s  case f a i l s  t o  predict  any pressure var ia t ion  across the  
face of the body. 
dimensional model than over t h e  two-dimensional model. 

The pressures decrease at a lower rate over t he  three- . 

The experimental pressure d i s t r ibu t ions  f o r  t he  oval two- and three- 
dimensional models are shown i n  figures 3( c) and 3(d) ,  along w i t h  t h e  
r e s u l t s  of modified Newtonian theory w i t h  and without centrifugal-force 
corrections. 
mate ly the  same rate. 
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The pressures over these two models decrease a t  approxi- 

The experimental pressure d i s t r ibu t ions  f o r  the hemispherical two- 
and three-dimensional models are shown i n  figures 3(e) and 3( f ) ,  along 
w i t h  the r e s u l t  of modified Newtonian theory w i t h  and without centr i fugal-  
force corrections. The pressures decrease a t  a faster rate over the  
three-dimensional model than over t he  two-dimensional model. The d i f f e r -  
ence i n  agreement w i t h  modified Newtonian flow between the two- and three-  
dimensional models i s  perhaps r e l a t ed  t o  the  flow p ic ture  explained i n  
reference 4. 
i n  pressure j u s t  behind the shock as compared with the pressure behind a 
concentric shock. This increase i n  pressure i s  opposed by a reduction 
i n  pressure across t h e  shock layer  due t o  reduced cent r i fuga l  forces .  
The centr i fugal  forces  are reduced because the  r a d i i  of curvature of t he  
streamlines increase with distance normal t o  t h e  body surface. The 
resu l t ing  net  pressure f o r  t he  three-dimensional body i s  very close t o  
t h a t  predicted by t h e  modified Newtonian theory, which neglects  the 
increase in  pressure behind t h e  shock due t o  shock divergence from t h e  
body as well as the reduction i n  pressure across the shock layer  due t o  
reduced centr i fugal  forces.  
a r e  of the same magnitude and cancel f o r  t h i s  case. For t h e  two- 
dimensional model it appears t h a t  the shock divergence e f f e c t  predominates 
and hence a higher net pressure results. 
r e s t r i c t ed  t o  the  hemispherical models inasmuch as it can be seen from 
f igu res  3(a) and 3(b) t h a t  t he  shock divergence e f f e c t  seems t o  be 
reversed for  the  f la t - face  models. 

In  reference 4, it is  pointed out t h a t  there  i s  an increase 

It appears tha t  t h e  two opposite e f f e c t s  

The preceding discussion is  

Figures 4(a) and 4(b) show that f o r  t h e  hemispherical two- and 
three-dimensional models, t he  present data  are i n  agreement wi th  ex is t ing  
data (refs. 2 and 5 t o  10). 
1.98 t o  18.80 and a free-stream Reynolds number range based on maximum 
body thickness of 6.7 x 103 t o  6.7 x lo6. 
the only t e s t s  conducted i n  a helium tunnel. 

Existing data cover a Mach number range of 

The tests of reference 8 w e r e  
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CONCLUDING REMARKS 
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Measurements of the pressure distributions about two- and three- 
dimensional bodies having flat, hemispherical, and oval leading edges 
have been made at a Mach number of 4.95 and at Reynolds numbers per foot 
ranging from 15 x 10 6 to 75 x 10 6 . For the hemispherical models, the 
pressures decreased faster with distance from the stagnation point over 
the three-dimensional model than over the two-dimensional model. For the 
flat-leading-edge models, the reverse was true. The pressures over the 
oval-leading-edge models decreased at approximately the same rate. Modi- 
fied Newtonian theory, without centrifugal-force corrections, predicted 
pressures on the hemispherical three-dimensional model very well. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., June 1, 1959. 
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(a) Flat, two-dimensional model. 

3.0 ------I 

Hemisphere, two-dimensional mode 

c 1.0 -I 
(b) Flat, three-dimensional model. 

Dimensionless contour coordinates 
for oval models 

rs,,, = 1 max. model thickness 1 L ” .  

X - 
J - - 

smax ymax 

3.0 -4 

( e )  Ovdl, two-dlmenslona: model. 

0 0 
-319 

.l32 .779 

.151 ,810 
-170 .a33  
.189 .A43 
.208 .885 
,227 

Hemisphere, three-dimensional mode 

(f) Oval, three-dlrnensional model. 

Figure 2. - Model geometry. ( A l l  dimensions are in inches. ) 
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( a) Flat, two-dimensional model. 

1.2 1.6 1.8 

- 

(b) Flat, three-dimensional model. 

Figure 3.- Comparison of experimental and theoretical pressure distribu- 
tion for M = 4.95. 
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( c) Oval, two-dimensional model. 

4 

(d) Oval, three-dimensional model. 

Figure 3.- Continued. 
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. b  .8 1.0 1.2 1.4 1.6 1.8 0 .2 -4 
s/t 

(e) Hemisphere, two-dimensional model. 

1 

c,/c, ,nhX 

. 6  .5 1.0 1.2 1.6 1.8 0 .2 -4 
9 / r  

( f) Hemisphere, three-dimensional model. 

Figure 3.- Concluded. 



(a) Hemisphere, two-dimensional models. 

(b) Hemisphere, three-dimensional models. 

Figure 4.- Comparison of present data with existing data for hemispherical 
models. 


